The rapid expansion of cities in sub-Saharan Africa generates increasing volumes of diversified organic wastes that require management and a high population need for local and fresh vegetables. Linking the different sources of organic materials generated in these cities with the needs of local food producers for fertilizers prepared from recycled organic materials is challenging. This requires that producers obtain the results they expect from the organic materials they recycle. Thus, recycling these organic materials in their raw form or after composting presents an opportunity for periurban agriculture, although the great variability in the quantity and quality of these materials raises questions about the consistency between their agronomic value and their economic value. In two large cities of Cameroon (Yaoundé and Bafoussam), different types of organic materials were sampled: unprocessed livestock waste and composts from manure or municipal solid waste. From an agronomic perspective, we calculated the fertilization value based on the nutrient (nitrogen, phosphorus, and potassium) content of the organic materials. From an economic perspective, we calculated the value based on the nutrient content of the organic materials and their substitution unit prices and recorded the current market price. This is the first time that this combined approach has been used in sub-Saharan Africa. Our results showed considerable variability and discrepancy in both the agronomic and the economic values. The market prices overvalued the urban composts by a factor of 6, while chicken feces were undervalued by a factor of 3. The unprocessed organic materials were the most interesting from an economic and agronomic perspective. Our findings suggest that (i) the composting process needs to be improved and (ii) the humus potential should be calculated to better assess the amendment value of organic materials and as a basis for adjusting their market price.
Introduction
In sub-Saharan Africa, the urban population is rapidly expanding, and approximately half of the African population will live in cities by 2050 (United Nations 2014). An increasing demand for food puts pressure on the domestic agricultural sector, and this is especially true for vegetable cropping systems because vegetable crops are more perishable than cereal crops and cannot be transported over long distances as easily or stored as long as cereal crops. As a result, vegetable cropping systems are mostly found in the form of urban and periurban agriculture (Poulsen et al. 2015) .
To supply the increasing urban demand and mitigate land pressure, farmers in urban and periurban areas have intensified their production systems and begun to rely heavily on imported pesticides and synthetic fertilizers (De Bon et al. 2010) .
The purpose of this paper is to explore the opportunities offered by the large amounts of organic material found in the municipal solid waste (MSW) of African cities because such waste can be a valuable source of organic fertilizers that could provide a partial or total substitute for synthetic fertilizers.
Previous studies have shown that urban and periurban agriculture meet the prerequisites for recycling urban organic materials because these forms of agriculture are characterized by short distances between households, cropped land, and waste disposal facilities (Parrot et al. 2009b; Sotamenou and Parrot 2013) . Waste recycling dedicated to food production can reduce the overuse of synthetic fertilizers while improving soil properties. Indeed, the total or partial substitution of organic materials for synthetic fertilizers is a well-known method of ensuring soil fertility maintenance and crop yields, particularly in sub-Saharan African soils, where organic material inputs are key to soil fertility (Vanlauwe et al. 2002) . Waste recycling also involves collecting waste and reducing its volume and thus contributes to mitigating the need for treatment of urban organic materials (collection efficiency, transport costs, elimination of large volumes of waste, and landfill capacities), a problem that can be particularly acute in developing countries (Abarca Guerrero et al. 2013) . Recycling sorted waste in the form of organic fertilizers can limit environmental and health hazards considering that the MSW of African cities is commonly a source of various hazards such as disease transmission (e.g., by rodents), soil contamination by trace elements (Tella et al. 2016) , leaching of nitrate from manure piles (Tittonell et al. 2010) , and methane emission from landfills (Ngnikam et al. 2002) .
The MSW of sub-Saharan cities could potentially be recycled via composting (Couth and Trois 2012) because it may contain up to 90% biodegradable material (Temgoua et al. 2014 ), a major component of compost processing. Moreover, the recycling of organic materials for use as fertilizer can contribute to a circular economy (Singh and Ordoñez 2016) and may represent an economically worthwhile endeavor since the price of synthetic fertilizers, which presents fluctuations, tends to increase overall due to strong global demand (FAOSTAT 2016) . Furthermore, the use of organic materials as fertilizer is environmentally advantageous for two reasons: (i) it reduces the contribution of synthetic fertilizers to the transfer of mineral elements into the groundwater (nitrates) and atmosphere (CO 2 , NH 3 , and N 2 O) and (ii) it avoids the greenhouse gas emissions that are generated by synthetic fertilizer production and transport over long distances because organic materials are generally used close to their place of production.
Previous studies in Cameroon have shown that farmers there use a combination of organic and synthetic soil inputs, although there is a lack of information on the agronomic quality of the organic materials they commonly use (Sotamenou and Parrot 2013) . In addition, in most African cities, the market price of organic materials is the result of unregulated and unsupervised laws of supply and demand. Consequently, the market prices of these materials may not completely reflect their true fertilization value and agronomic characteristics. Therefore, an important first step is the implementation of a rational and objective measurement of the agronomic efficiency of organic materials, and the second step is establishment of a fair market price on the basis of the resulting findings. Although informal markets for organic materials are developing in most African cities (Wilson et al. 2006) , data on these markets are unavailable, whereas abundant data are available on marketed synthetic and organic fertilizers. This paper aims to fill this data gap.
To clarify this issue, our study lays the foundation for an estimation of both the market value and the fertilization value of urban organic materials that are used as organic fertilizers or soil improvers in African periurban agriculture through case studies conducted in two large cities in Cameroon: Yaoundé (the capital) and Bafoussam.
Materials and methods

Study site and collection of samples of organic materials
Our surveys were conducted in Yaoundé, the capital of Cameroon (3°52.0002′ N, 11°31.0002′ E; estimated at 2.5 million inhabitants), and in Bafoussam (5°28.665′ N, 10°2 5.0554′ E; 365,000 inhabitants) (INS 2013). The total population of Cameroon was estimated at 22.8 million in 2014. Approximately 54% of the country's population is considered urban (The World Bank 2015), and 63.7% of these households practice some form of farming (INS 2008) . The climate of the region is subequatorial, with mean annual temperatures of 23.7°C and 20°C and mean annual rainfall of 1643 mm and 1871 mm for Yaoundé and Bafoussam, respectively (INS 2013) .
Although farm animals are prohibited in these cities, the presence of manure reveals their presence, but the amounts of pure feces and manure are difficult to estimate. In Yaoundé, for example, strong seasonal variations and heavy rainfall affect both the production of MSW (between 30,000 and 50,000 tons per month) and the rate of its collection (only 43% of the MSW is collected by MSW services due to poor road conditions) (Parrot et al. 2009a) . Yaoundé produces large quantities of organic materials, and these account for approximately 78% of the MSW (Sotamenou et al. et al. 2019) . In this city, two local nongovernmental organizations (NGOs), Tamtam Mobile and Gevolec, recycle part of these organic materials in the form of compost. In Bafoussam, there are no municipal collection services, although another NGO, Composteurs de Bafoussam, recycles the household waste by producing compost ( Fig. 1 ) and promoting its use.
This NGO volunteers to take household organic materials to the nearest composting facility in exchange for the family's agreement to store its unsorted refuse during the week. The quantity and composition of the organic materials depend on the seasonal consumption of the households, and peak organic material volumes are reached during the rainy season.
Organic materials were sampled in 4 of the 7 districts of Yaoundé (Yaoundé I, III, IV, and VII) and in 4 of the 13 districts of Bafoussam (Diengso, Dandam, Bamendzi, and Batoukop) . The samples collected in the 4 districts per city corresponded to 4 geographical replicates per city. Three types of organic materials were considered: (i) pure feces (unprocessed livestock waste), e.g., hen, goat, rabbit, and pig manures in either a "fresh" state (1-7 days) or stocked in piles (up to 12 months); (ii) manure with litter, e.g., broiler manure stocked in piles (2-7 weeks); and (iii) compost derived from MSW, household refuse, or pig manure. A total of 79 and 236 samples of organic material were collected in Yaoundé and Bafoussam, respectively. Depending on the nature and the inner heterogeneity of the organic materials, composite samples were prepared from n = 1 (e.g., pile of pig manure compost) to n = 7 (e.g., broiler litter in a poultry house) individual samples in Yaoundé and from n = 1 (e.g., pile of household refuse compost) to n = 9 (e.g., pig manure) individual samples in Bafoussam. Composite samples were prepared according to Chabalier et al. (2006) . Briefly, for organic materials located in poultry houses, pigpens, or stockyards, a minimum of 15 samplings were made across the entire surface before mixing the samples in a large bucket, and the material was then successively divided into quarters to obtain a reduced quantity of approximately 1 kg. For organic materials stocked in piles, depending on the height of the pile, 15 samplings were made by forming pits or across slices/sections of the pile before mixing and quartering to yield a targeted quantity of 1 kg. For Yaoundé, organic materials of 7 different types collected in the 4 districts produced a total of 28 composite samples. For Bafoussam, organic materials of 13 different types collected in the 4 districts produced a total of 52 composite samples.
Chemical, biochemical, and spectral analyses of the organic materials
Each sample of fresh organic materials was homogenized and separated into aliquots. The pH H2O was measured in water (1/5, v/v; 1 h shaking, probe pH meter). The moisture content was determined by drying in an oven at 105°C; to calculate the organic matter content, the ash content was measured by determining loss on ignition at 550°C. Other aliquots were dried at 40°C and ground to pass through a 1-mm sieve for subsequent analyses. The total nitrogen content (N) was determined by dry combustion (Dumas method, ISO 13878) using an elemental analyzer (Thermo Fisher Flash 2000™, Waltham, MA, USA). Ground aliquots were subjected to acid digestion using a mixture of HF, HNO 3 , and HClO 4 (ISO 14869-1) and then analyzed for their phosphorus (P) and potassium (K) content using inductively coupled plasma atomic emission spectroscopy (ICP-AES) (720 Series ICP-AES system, Agilent™, Santa Clara, CA, USA).
The most abundant types of organic material in terms of their volume and occurrence in both cities (4 samples of hen droppings, 4 samples of broiler manure, and 3 samples of MSW compost) were analyzed for fiber content using the Van Soest method (Van Soest et al. 1991) . Because this type of analysis is expensive (~200 USD) and time-consuming (1 week) and requires the use of solvents and toxic reagents; an alternative method, near-infrared spectroscopy (NIRS), a b c d e f Fig. 1 The six main steps of MSW compost production (Bafoussam composting facility).
Step 1: a Raw material is directly deposited in a pile on the ground. Sorting (large nonfermentable materials are removed) is conducted on a weekly basis at each new input of organic material, and the piles are turned over on a monthly basis.
Step 2: b Compost pile after the thermophilic phase.
Step 3: c Compost pile after the mesophilic phase. The volume of the pile progressively decreases, while changes in particle size and color reveal modifications in its composition (b, c).
Step 4: d After 4 months, the premature compost is stored under a shelter, where it completes its maturation and is protected from the rain.
Step 5: e Matured and sieved compost.
Step 6: f Compost conditioned in bags. A decrease in particle size between the raw material (a) and the end product (e) can be clearly seen was used to obtain a complete dataset that indicated the biochemical quality of each sample of organic material collected. The biochemical composition of the whole set of organic material samples (n = 80, including the 11 measured for their fiber content) was predicted using the NIRS models previously calibrated by Thuriès et al. (2005) using a wide range of organic materials. The models used were considered highly valuable because, depending on the parameter considered, their R 2 , standard error of cross-validation, and ratio performance to deviation varied from 0.91 to 0.97, 1.24 to 3.95 g 100 g −1 DM, and 2.5 to 4.3, respectively.
Calculation of the fertilization value and humus potential
The fertilization value was calculated by taking into account the N, P, and K contents of the organic materials. The fertilization value was expressed in N, P 2 O 5 , and K 2 O units, as is usual for chemical fertilizers. We did not consider the fertilizer equivalency (FE) value because a field trial has not been conducted in Cameroon for its estimation. The FE is sitedependent (soil and climate) and expresses the comparative efficiency of a fertilizer element and a reference synthetic fertilizer for plant growth.
To calculate the humus potential of organic material input into the soil, we chose the CBM-Tr method (Robin 1997a ) for its affordability. The CBM-Tr value is calculated from the fiber and ash contents of the organic materials, and these values can be measured in moderately equipped laboratories. Due to the paucity of references on humus potential in the literature, we calculated the CBM-Tr index from the data (fiber fractions according to the Van Soest method) used by Lashermes et al. (2009a) to determine the indicator of potential residual organic carbon (IROC) for 273 organic materials.
Market price vs. actual fertilization value
We considered that the market price of an organic material used in agriculture depends on its potential NPK fertilization value. This value was calculated on the basis of the N, P 2 O 5 , and K 2 O contents of the organic materials multiplied by the price of the N, P 2 O 5 , and K 2 O units in inorganic fertilizers sold in international markets.
The local NGOs that manufactured and sold the organic materials in Yaoundé (Tamtam Mobile and Gevolec) and Bafoussam (Composteurs de Bafoussam) were surveyed. The market price of a 50-kg bag of urea (46% N) was 13,500 FCFA (30.87 USD), which was equal to 587 FCFA kg −1 N (1.34 USD kg −1 N) during the survey. Similarly, the price of a 50-kg bag of a compound fertilizer with 20% N, 10% P 2 O 5 , and 10% K 2 O w a s 1 6 , 0 0 0 F C FA ( 3 6 . 5 9 U S D ) , w h i c h corresponded to 320 FCFA kg −1 NPK fertilizer. We used a 4 P 2 O 5 :1 K 2 O price ratio based on the 2002-2012 FAOSTAT input datasets (2016) and calculated the average annual price ratio between K 2 O and P 2 O 5 , which generated the following price equation: 0.2 × 587 FCFA kg −1 N + 0.1 P 2 O 5 + 0.4 P 2 O 5 = 320 FCFA kg −1 . From this equation, we obtain the substitution prices of 405.2 FCFA kg −1 for P 2 O 5 (0.93 USD) and 1621 FCFA kg −1 for K 2 O (3.70 USD).
The fertilization value calculation of the organic materials was based on the price of the fertilizers contained in a 50-kg bag. The fertilization value was computed as the substitution unit price of the N, P 2 O 5 , and K 2 O contents multiplied by their actual quantities measured in the organic residue samples. We then compared the fertilization value of each organic material to its current market price, i.e., its selling price on the local markets by the NGOs involved in organic material manufacturing and trade.
Statistics
All the chemical and biochemical analyses were compared using an analysis of variance (ANOVA). Since the collected organic materials differed in terms of their sampling location (Yaoundé and Bafoussam), type (pure feces, manure, and compost), and storage duration (from 1 day to 12 months), ANOVA was used to test the possible impact of these factors on the quality of the organic material. The normality of the residuals was verified using Shapiro and Wilk normality test, and homoscedasticity was evaluated by plotting residuals (empirical quantile plot of residuals vs. Gaussian theoretical quantiles). If heteroscedasticity was detected, a Box and Cox transformation was applied before rerunning ANOVA and, if a significant effect was detected, a multiple pairwise comparison test was run with Bonferroni-like correction. All statistical analyses were performed using R software (v3.6.0, R Core Team 2019, R Foundation for Statistical Computing, Vienna, Austria) at the P < 0.05 confidence level.
Results and discussion
Our results showed that the organic materials collected in Yaoundé and Bafoussam had highly variable chemical characteristics and highly variable potential for use as substitutes for imported synthetic fertilizers in periurban agriculture. However, a discrepancy was observed between their fertilization value and their current market price. We suggest that the humus potential of organic materials should be used as a basis for rationalizing their market price because the soil-improving property of organic materials is appreciated by periurban farmers.
Wide range in fertilization value: intrinsic and process-based variation factors
The diversity of the organic materials and of the transformation processes used in their treatment led to wide variation in the chemical characteristics of the materials, i.e., their fertilization value (Fig. 2) . Variability of this type is frequently observed in both temperate (Götze et al. 2016 ) and tropical environments (Katongole et al. 2008 ).
Nitrogen content
Based on the total N content, two groups of organic materials were identified. The first group, which consisted of pure feces and manure with litter, had an N content ranging from 1.1 to 2.4 g 100 g −1 fresh weight (1.27-3.89 g 100 g −1 DM for the individual samples, which corresponded to 2.13-3.2 g 100 g −1 DM mean N content depending on the organic material type). The second group, which consisted of the composts, had an N Fig. 2 Analytical data (moisture, N, P 2 O 5 , K 2 O, organic matter content, and humus potential) for the raw manures and composts collected in Bafoussam (B) and Yaoundé (Y) and comparison with the data reported in the literature (Li) (in g 100 g -1 DM) for (i) hen droppings (Agarry et al. 2010; Dekker et al. 2012; Edwards and Daniel 1992; Li et al. 2015; Nicholson et al. 1996; Olowoboko et al. 2018; Pan et al. 2009 ), (ii) rabbit manure (Chabalier et al. 2006; Ciesielczuk et al. 2017; Dinuccio et al. 2019; Gómez-Brandón et al. 2013; Lazcano et al. 2013; Li et al. 2015; Moral et al. 2005; Moreno-Caselles et al. 2002; Paredes et al. 2015; Wu et al., 2010; Youssef and Eissa 2017) , (iii) goat manure (Agarry et al. 2010; Al-Kindi et al. 2016; Azeez et al. 2010; Cavalcante et al. 2010; Haidar et al. 2003; Kafle and Chen 2016; Lopez Fernandez et al. 2018; Mafongoya et al. 2000; Olowoboko et al. 2018; Paredes et al. 2015; Shamsul et al. 2018; Zhang et al. 2013 ), (iv) pig manure (Adesanya et al. 2016; Bernal et al. 2009; Dhyani et al. 2018; Hamm et al. 2016; Hjorth et al. 2010; Karimi et al. 2018; Li et al. 2015; Moreno-Caselles et al. 2002; Pampuro et al. 2016; Rao et al. 2007; Ros et al. 2006; Santos et al. 2016; Szögi et al. 2015; Wang et al. 2018; Yang et al. 2006; Loecke et al. 2004; McAndrews et al. 2006 ), (v) broiler manure (Carvalho et al. 2014; Edwards and Daniel 1992; Foy et al. 2014; Kim et al. 2017; Nicholson et al. 1996; Rao et al. 2007; Sahoo et al. 2017 ), (vi) municipal solid waste compost MSWc (Barral et al. 2009; Dimambro et al. 2007; Doña-Grimaldi et al. 2019; Francou et al. 2005; Guermoud et al. 2009; Iqbal et al. 2010; Leogrande et al. 2016; Montejo et al. 2015; Ouni et al. 2014; Warman et al. 2009; Weber et al. 2014) , and (vii) pig manure compost Pc (Pampuro et al. 2016; Ros et al. 2006; Santos et al. 2016; Loecke et al. 2004; McAndrews et al. 2006 ). The literature data for the humus potential were recalculated using the data from Lashermes et al. (2009) according to the Robin (1997) equation. For Bafoussam and Yaoundé, one point represents one composite sample prepared from n = 1 to 9 subsamples depending on the conformation of the collection site (pile, stockyard, etc.) and the size and heterogeneity of the organic material. In the data taken from the literature, one point represents one analytical data point from an individual sample or a synthetic data point extracted from reviews. The red dots indicate the data means, and the bars indicate the standard deviation content ranging from 0.3 to 0.7 100 g −1 fresh weight (0.23-1.78 g 100 g −1 DM for the individual samples, which corresponded to 0.42-1.09 g 100 g −1 DM mean N content depending on the compost type) (Fig. 2) . The N contents of these two groups were consistent with the general finding that composting of raw materials, even N-rich materials, is accompanied by loss of gaseous N; thus, composts are generally poorer in N than the raw materials from which they are prepared. The total N content of the hen droppings collected in Yaoundé and Bafoussam was only half the value reported in the literature; this may be related to poor dietary content of the livestock feed (Nahm 2007) or to N loss between excretion and sampling via ammonia volatilization.
The rabbit manure collected in Bafoussam had an N content comparable to the value found in the literature with the exception of the highest value (4.67 g 100 g −1 DM) reported by Wu et al. (2010a) . The same was true of the goat manure collected in Bafoussam. However, the N content of the pig manures collected in Bafoussam corresponded to the lower range of the values reported in the literature. On average, the pig manure in Bafoussam was 32% poorer in N than reported elsewhere. The N content of the broiler manure collected in Yaoundé and Bafoussam was on average 41% poorer than reported in the literature.
Because temperature is a major driver of ammonia loss from feces and manure (Li et al. 2012) , the low N content found in our study could be due to the warm climate of Cameroon, which may favor N loss through ammonia emission. A similar assumption regarding possible high ammonia loss is applicable to the three compost types in combination with the possible poor N contents of the organic materials used as raw composting materials. The N content of the composts was on average 2.06 to 3.8 times lower than the values reported in the literature. In addition to the temperature, exposure of the compost piles to rain during the composting process could increase N loss via lixiviation (Faverial et al. 2016 ).
P 2 O 5 content
The same two groups of organic materials as those found based on N content were identified (Fig. 2) . The P 2 O 5 content of the group that included pure feces, manure, and litter ranged from 0.3-3.6 g P 2 O 5 100 g −1 fresh weight for the pig manure to 1.0-5.7 g P 2 O 5 100 g −1 fresh weight for the hen droppings (1.55-5.68 g 100 g −1 DM and 1.13-6.92 g 100 g −1 DM for the individual samples of the pig manure and hen droppings, respectively; the mean P 2 O 5 content values of the different types of pure feces, manure, and litter ranged from 2.82 to 4.13 g 100 g −1 DM). The lowest P 2 O 5 content (0.2-1.0 g P 2 O 5 100 g −1 fresh weight) was found in the compost group (0.15-1.67 g 100 g −1 DM for the individual samples, with mean P 2 O 5 content values of the different compost types ranging from 0.35 to 1.17 g 100 g −1 DM).
The mean P 2 O 5 content of the hen droppings, broiler manures, and pig manures collected in Yaoundé and Bafoussam was 3.6 g 100 g −1 DM, of the same order as the values reported in the literature (3.7). However, the variability in the P 2 O 5 content of the individual samples was high: the coefficient of variation for the P 2 O 5 content of hen droppings was 28% for those collected in Yaoundé, and it exceeded 63% for those collected in Bafoussam. High coefficients of variation were also observed for rabbit (24%), goat (33%), pig (47%), and broiler manures (11 to 26% depending on the location). This high variability may have originated from the nonstandardized dietary composition of the livestock feed.
The compost group was characterized by low and highly variable P 2 O 5 content (19 to 46%). The low P 2 O 5 content of the MSW composts may have resulted from the poor quality of the waste used as raw composting material. It may be that much of the better-quality waste with higher potential for domestic recycling may have been put to other uses, particularly for feeding livestock, which can generate substantial income for households.
Because the P 2 O 5 in waste occurs mainly in a solid form, it is not particularly susceptible to leaching during the rainy season. The high variability in the P 2 O 5 content of the MSW composts may have been due to the high seasonal variability in the nature of the raw materials composted or to differences in the composting procedures themselves (Faverial et al. 2016) ; for example, there may be differences in the proportions of P-poor raw materials of plant origin vs. the proportions of P-rich raw materials of animal origin.
K 2 O content
The same two groups as were found based on N or P 2 O 5 contents were identified; pure feces, manure, and litter were in one group, and composts were in the other group (Fig. 2) . The K 2 O content in the pure feces, manure, and litter groups ranged from 0.5-2.4 g 100 g −1 fresh weight for the rabbit manure to 1.1-2.7 g 100 g −1 fresh weight for the broiler manure (0.89-2.96 g 100 g −1 DM and 1.75-3.70 g 100 g −1 DM for the individual samples; the mean K 2 O content of these types of organic materials ranged from 1.86 to 2.81 g 100 g −1 DM).
The lowest K 2 O content of 0.1-1.1 g K 2 O 100 g −1 fresh weight was found in the compost group (0.18-1.91 g 100 g −1 DM for the individual samples; the mean K 2 O content of the different compost types ranged from 0.33 to 1.36 g 100 g −1 DM).
As above for the mean P 2 O 5 content of several of the organic materials, the mean K 2 O contents of the hen droppings, rabbit manure, pig manure, and broiler manure were of the same order as the values reported in the literature. The ratios of the mean K 2 O content of these materials reported in the literature to the mean K 2 O content of the corresponding materials measured in Yaoundé and Bafoussam equaled 1.00, 1.00, 0.99, and 0.99 for hen droppings, rabbit manure, pig manure, and broiler manure, respectively. The coefficient of variation of the K 2 O content values for the group consisting of pure feces, manure, and litter ranged from 8 (hen droppings collected in Yaoundé) to 44% (pig manure).
Similar to N and P 2 O 5 , the lowest K 2 O content was found in the compost samples. Despite its high variability (108% for the MSW composts from Yaoundé), the mean K 2 O content was less than half of the value reported in the literature. Since the potassium in waste is in the form of salt, substantial amounts may have been leached by heavy rains.
Organic matter content
The organic matter content followed the same pattern as the N, P 2 O 5 , and K 2 O contents. A 30-g 100 g −1 DM threshold separated the group that included pure feces, manure, and litter from the compost group (Fig. 2) .
In the first group, the pig manure had the highest variability (23%), with average organic matter content lower than that reported in the literature. Pig manure was sampled in a fresh state (1 day old) or from piles made of manure scraped over a 90-day period. In such fermentable material, spontaneous fermentation may have mineralized the more labile portion of the organic matter.
In the second group, the household refuse compost from Bafoussam was less variable in its organic matter content (10%) than the other composts (31 and 32%). The organic matter content was inferior (MSW compost) or comparable (household refuse compost and pig manure compost) to the lowest values reported in the literature. The MSW compost from Yaoundé and Bafoussam was poor in organic matter, although the raw materials used in the MSW composts in developing countries include larger quantities of organic materials (mean 55%, range 17-80%) than the quantities measured in Europe or the USA (30%) (Troschinetz and Mihelcic 2009 ). The quality of the raw materials can be questioned because it has an influence on the final quality of the compost (Montejo et al. 2015a) . In Yaoundé and Bafoussam, compost piles were constructed directly on the soil surface in the composting facilities. Thus, soil inclusion during compost pile turnings may have diluted the organic matter content by mineral (soil) input; this could explain the low organic matter content of the composted material in comparison with the values reported in the literature.
Humus potential
The humus potential displayed the same pattern as the N, P 2 O 5 , K 2 O, and organic matter contents. A 12-g 100 g −1 DM threshold separated the group that included pure feces, manure, and litter from the compost group (Fig. 2) .
In the first group, with the exception of a few samples that exceeded the mean humus potential measured in France by Lashermes et al. (2009a) , the organic materials in Yaoundé and Bafoussam were generally less susceptible to generating humus. For example, the broiler manure from Bafoussam had an organic matter content of 17.6 g 100 g −1 DM and presented low variability (14%), whereas a value of 32.7 g 100 g −1 DM was reported in the literature. With the low organic matter content measured in Cameroon, one cannot expect that these organic materials would generate high quantities of humus after their transformation in soil. Since fiber is a key parameter in humus potential calculation (Lashermes et al. 2009a; Robin 1997a) , due to the fact that during biological decomposition more degradable materials like sugars will be easily mineralized while less degradable materials like fibers mainly consisting of cellulose and lignin will be enriched, a lower amount of fiber corresponds to a lower humus potential. Wood shavings, which are rich in fiber, were the reference material used as a bedding material for the broilers, but they are becoming rarer and more difficult to source (Garcês et al. 2013) . The material receiving broiler feces may have been poorer in fiber than the material used in France (mostly wood chips or straw) and thus had a lower humus potential.
For the compost group, the humus potentials of the MSW and pig manure composts were approximately one-third and one-eighth of those measured in France, respectively (Lashermes et al. 2009a) . The fact that the humus potential of the MSW was much lower than that found in France while the organic matter content of the Bafoussam MSW compost was close to the lower values reported in the literature raises questions. First, it can be hypothesized that because the collected composts are poor in organic matter, likely due to soil inclusion during their processing (compost pile turnings directly on soil), their humus potential cannot be as high as that of composts that are richer in organic matter. Furthermore, some small-sized plastic residue particles may have accounted for part of the measured organic matter content (Iglesias Jiménez and Pérez García 1992) of the MSW composts under study, and plastic clearly does not contribute to the formation of humus. Thus, the humus potential of the collected composts, though already low, may actually be even lower.
Wide range of fertilization values: variation associated with type of organic material, geographical origin, and storage duration
The possibility that the location from which the organic materials were collected may have influenced the wide range of fertilization values was investigated ( Table 1) . Testing of the sampling location effect was applicable for hen droppings and broiler manure because they were collected in both towns. Apart from P 2 O 5 in hen droppings and K 2 O in broiler manure, the sampling location did not have a significant influence (P > 0.05) on the majority of the materials' chemical characteristics. The high variability of the analyses (as high as 33.7% for moisture) may have hidden a possible effect of sampling location on moisture and N content. The effect of sampling location on P 2 O 5 in hen droppings and K 2 O in broiler manure may have originated from the use of different poultry diets in the two towns.
The duration of storage of the collected organic materials was investigated as another factor that may have influenced the wide range of fertilization values (Table 1) . Storage duration had a strong effect on the moisture content of rabbit, pig, and broiler manures and urban composts. This was particularly noticeable for pig manure, an organic material that is highly susceptible to desiccation. This is consistent with the repartitioning of the moisture data for pig manure samples (Bafoussam, Fig. 2 ), in which one can distinguish two groups, one with approximately 75% moisture and mainly represented by fresh pig manure and another with approximately 25% moisture that is represented by older pig manure. Storage duration had a marked effect on the moisture content of urban composts. Even if the piles were not covered during the first stages of composting, thus suffering possible effects of rain that led to variability in their moisture content, the composts were matured under shelter during the maturation phase (Fig.  1) . The effect of storage duration on compost moisture reveals the well-known effects of the composting process. Desiccation is due to microbial activity that provokes an elevation of temperature in the pile, causing water evaporation. Storage duration also had a marked effect on the N content of pig manure and urban composts. As already stated, ammonia volatilization may have occurred in pig manures stoked in piles. Storage duration influenced the K 2 O content of the organic materials; as already stated, these materials were potentially susceptible to losses due to rains. The effect of storage duration on P 2 O 5 content may be due to desiccation with aging, which induced a concentration of this chemical element that is nonmobile and less susceptible to loss due to rain. Taken together, these observations suggest that there may be several ways to reduce the variability and improve fertilizer values.
Fertilization value and market price of the sampled organic materials
Ours findings revealed a disconnection between the fertilization value of a good and its market price (Table 2) . Table 2 displays the market prices and fertilization values only for compost, hen droppings, and broiler manure since there were no market prices available at the time of the study for the other organic materials, which were not found for sale in the local markets. We can hypothesize that these products are traded in informal markets (Wilson et al. 2006) or exchanged between neighbors with no financial transaction.
Although the composts were low in N, P 2 O 5 , and K 2 O, their current market prices were almost 6 times higher than their fertilization values. In contrast, the hen droppings and broiler manure were undervalued in the current markets by a factor of 3. Moreover, neither the current market prices nor the fertilization values take into account the other benefits provided by organic materials. For example, compost provides soil amendment benefits such as humus potential. Although low, the humus potential was not valued here.
Plotting the fertilization value against the humus potential on the same graph (Fig. 3) highlights the residues with the best scores for these two factors. This representation could help define the recommended market price at which these organic materials should be sold.
Farmers do not seem to be aware of the fertilization value of the compost they purchase (Sotamenou and Parrot 2013) . In Cameroon, the government does not require any indication of the detailed contents of organic materials and does not supervise the veracity of such details when they are given. On the other hand, the manufacturers themselves may not be aware of the quality of their own products since there were no quality controls in this sector at the time of the surveys.
Recommendations
For soil fertility purposes, the recommended organic materials would be those with a high fertilization value (e.g., organic materials containing N, P 2 O 5 , and K 2 O at levels corresponding to a fertilization value > 100 USD t −1 on a fresh weight basis) and a substantial amendment value (e.g., with a humus potential > 15%). The organic materials collected in Yaoundé and Bafoussam that meet these criteria are pig manure after 15 days of storage, hen droppings, fresh rabbit manure (1 day old), and 10-to 12-month-old hen droppings. However, the mid-and long-term amendment benefits of organic material application to soils have not yet been estimated from a financial perspective.
To upgrade the compost quality and reach the expected agronomic performance, we recommend two complementary methods for reducing soil nutrient losses and contamination.
First, the compost should be prepared on a waterproof surface, such as a concrete floor, to avoid local soil input during composting. This method of preparation could also reduce nutrient loss if the area allows collection and recycling of the leachate. Second, the compost piles should be protected from heavy rainfall (mainly during the rainy season) to avoid nutrient loss and contamination of the local environment. These investments should help improve the quality of the composts so that the performance of the end product justifies its market price.
Any prospective investments in the manufacturing of organic material require a minimum of useful and pertinent information. Assessing the agronomic and economic value of organic materials is necessary in developing a sustainable organic material supply chain. Currently, farmers are likely to be disappointed by the agronomic performance of urban composts, which is far below what they can expect given their market price. Information about the quality of the organic materials (NPK content and humus potential) offered for sale is not available to prospective buyers. If customers were aware of the contents of the organic materials, the demand for compost would fall along with its selling price. The reverse would occur regarding hen droppings, for which the demand would soar, eventually resulting in an increase in the selling price. To date, manufactured composts are still being purchased despite being overvalued, but the situation is unsustainable and risky for the commodity chain of organic materials. The involvement of researchers, firms, associations, NGOs, and public representatives would create an emerging market of organic materials that would be not only efficient but also safe for the users. Included in a global strategy for the management and recycling of organic materials, public incentives, for example, waste transfer stations equipped with containers located close to households, would improve the efficiency of collection of organic materials by private firms (Sotamenou et al. 2019) , provide employment Humus potential and fertilization value Fig. 3 Assessment of the relationship (y = 0.9539x + 13.791 R 2 = 0.6768) between the humus potential (indicator of potential residual carbon transformation in soil, in kg t −1 fresh weight) and the N, P 2 O 5 , and K 2 O fertilization value (in US $ t −1 fresh weight) of the organic materials used as fertilizers in Cameroon aids in the selection of fertilizers that combine both properties. The line is the bisector. Broiler manure •, hen droppings ○, rabbit manure ▲, goat manure △, pig manure ■, pig manure compost , municipal solid waste compost ♦, and household compost ◊ for youth, structure the involvement of associations and NGOs, and provide periurban farmers with accessible disposal options for organic material (Parrot et al. 2009b) . The state and the public agencies could drive this new industry by instituting a coconstructed legal framework. Our study represents a first step in providing the facts and data necessary for this global organic material recycling strategy, a possible cornerstone of a circular economy.
Conclusions
The aim of this paper was to implement a method of rationally and objectively measuring the agronomic potential of African organic materials and establishing a fair market price. The organic materials, such as pure feces (hen droppings), manure (of broiler, rabbit, goat, or pig origin), and compost (of MSW, household, or pig manure origin), collected in two large cities in Cameroon (Bafoussam and Yaoundé), were analyzed for their nitrogen, phosphorus, potassium, and organic matter content and their humus potential, and this information was used to estimate their fertilization value and their fair market price. The organic materials were generally found to be poor in nutrients. Despite the high variability in their characteristics, it appears that the fair market price of compost is overestimated by a factor of 6; inversely, hen droppings and broiler manure are undervalued in the current markets by a factor of 3. Considering the different organic materials that are available locally, farmers should opt for pure feces or manure rather than MSW composts unless the quality (fertilization value and humus potential) of the latter is substantially improved. Stringent quality norms and standards are necessary for the supervision and certification of the manufacturing and storage of organic materials. The implementation of a large-scale quasi-circular economy organic material industry requires systematic rational and factual measurement of the agronomic potential of organic materials and determination of their fair market price. Such an approach would improve cooperation among stakeholders interested in providing the foundations for a sustainable and safe domestic urban food supply in sub-Saharan Africa.
